ABSTRACT We examined seasonal patterns for entomological measures of risk for exposure to Culex vectors and West Nile virus (family Flaviviridae, genus Flavivirus, WNV) in relation to human WNV disease cases in a Þve-county area of northeastern Colorado during 2006 Ð2007. Studies along habitat/ elevation gradients in 2006 showed that the seasonal activity period is shortened and peak numbers occur later in the summer for Culex tarsalis Coquillett females in foothills-montane areas Ͼ1,600 m compared with plains areas Ͻ1,600 m in ColoradoÕs Front Range. Studies in the plains of northeastern Colorado in 2007 showed that seasonal patterns of abundance for Cx. tarsalis and Culex pipiens L.
Colorado experienced a dramatic West Nile virus (family Flaviviridae, genus Flavivirus, WNV) disease outbreak in 2003 with 2,947 reported cases of human disease and a smaller outbreak in 2007 with 578 reported cases (http://www.cdphe.state.co.us/dc/ zoonosis/wnv/). This included two major WNV disease foci: 1) the northern Front Range and northeastern plains and 2) the Grand Junction area in the western part of the state. Knowledge of seasonal patterns of activity for mosquito vectors and WNV is critical for both effective implementation of mosquito control measures and to advise the public regarding critical time periods when use of personal protection measures, such as repellents, should be emphasized.
Previous studies on seasonal patterns of risk for exposure to Culex vectors in eastern Colorado were focused narrowly on the Fort CollinsÐLoveland area and showed that abundance of Culex vectors peaked during JulyÐAugust (Smith et al. 1993 , Bolling et al. 2007 . The study by Bolling et al. (2007) also reported on WNV infection rates in various mosquito species but did not speciÞcally present data for seasonal patterns of WNV infection rates. Recently, Kent et al. (2009) reported an increase in WNV infection rates in Culex tarsalis Coquillett from June to August in 2007 in Weld County in the northeastern Colorado plains. A similar pattern with increasing WNV infection rates over the summer has been recorded for this species also in other western states (Bell et al. 2005; DiMenna et al. 2006; Nielsen et al. 2008; Reisen et al. 2008a Reisen et al. , 2009 . However, studies combining mosquito abundance and WNV infection rate to generate a more comprehensive measure of entomological risk of exposure to WNV, such as the vector index for abundance of WNV-infected mosquitoes, have been scarce (Bell et al. 2005 , Gujral et al. 2007 ).
This study focused on a Þve-county area in northeastern Colorado and aimed to determine seasonal patterns for 1) abundance of the primary WNV vectors, Culex pipiens L. and Cx. tarsalis, and the nuisancebiter and potential secondary WNV vector Aedes vexans (Meigen); 2) WNV infection rates in Cx. pipiens and Cx. tarsalis females; and 3) the vector index for abundance of WNV-infected Cx. tarsalis females. In addition, we determined whether these entomological risk measures for Cx. tarsalis were associated with the seasonal occurrence of human WNV disease cases.
Materials and Methods
Study Area. The study area in northeastern Colorado includes the western edge of the Great Plains and the eastern edge of the Rocky Mountains. The climate in this area is characterized by cold winters and hot summers with low humidity. The average annual rainfall in Fort Collins in Larimer County from 1971 to 2000 was 393 mm (Mountain States Weather Services, Fort Collins, CO). Mosquito sampling was conducted along two rivers that emerge from the Rocky Mountains in western Larimer County (Poudre River and Big Thompson River) and then ßow into the prairie landscapes characteristic of eastern Colorado (Fig. 1) . Both rivers merge into the South Platte River in Weld County (Fig. 1) . In the plains, these rivers typically are bordered by a narrow band of forested riparian wetland, dominated by cottonwood (Populus spp.) and willow (Salix spp.) that, in turn, is commonly surrounded by irrigated agricultural land. In the foothills and low montane habitats, the rivers ßow through a canyon landscape dominated by grass, shrub, conifers (primarily Ponderosa pine, Pinus ponderosa Dougl. ex Laws.), and aspen (Populus tremuloides Michx.). Mosquito sampling sites were selected within the relatively uniform riparian corridor at sites which could be accessed by automobile. Locations were mapped with a GPS receiver (Trimble Geo XT, Trimble Corp., Sunnyvale, CA) and visualized using ArcGIS 9.3 (ESRI, Redlands, CA). Selected environmental site characteristics are provided in Table 1 . Latitude and longitude for sampling sites are included to facilitate future studies to determine if seasonal patterns were affected by climate change.
Mosquito Collection and Identification. Mosquitoes were collected using CO 2 -baited Centers for Disease Control and Prevention (CDC) miniature light traps (John W. Hock Company, Gainesville, FL) that were suspended Ϸ1.5 m above the ground and operated from afternoon (1500 Ð1700 hours) until morning (0800 Ð1000 hours). Sampling sites contained two traps baited with Ϸ1 kg of dry ice and were located directly along the aforementioned rivers. Sampling in 2006 included 10 sites located along the Poudre River and one site by the Dixon Reservoir in Fort Collins. This spanned an elevation gradient from Ͻ1,600 m in Fort Collins up to 2,360 m in the Poudre Canyon ( were examined with a dissecting microscope and identiÞed to species by using published keys (Harmston and Lawson 1967, Darsie and Ward 2005) . Taxonomic nomenclature for Aedini genera follows Reinert et al. (2004) .
Detection of West Nile Virus in Culex Mosquitoes. Culex mosquitoes were examined for presence of WNV RNA following Bolling et al. (2007) , with the modiÞcations outlined below. Mosquitoes were identiÞed on a chill table and placed in pools of 1Ð50 by species, sex, site, trap, and date. Mosquito pools were then stored at Ϫ70ЊC until processed for viral RNA detection.
Each pool was triturated for 45 s with a vortex mixer in a 5-ml round-bottomed polypropylene tube (Becton Dickinson, Franklin Lakes, NJ) by using 1.5 ml of diluent (1ϫ minimal essential medium containing 2% fetal bovine serum, 100 g/ml penicillin/ streptomycin, supplemented with L-glutamine and nonessential amino acids) and four copper-coated steel shot (4.5 mm in diameter; 0.177 caliber). Suspensions were then centrifuged at 3,000 rpm for 10 min at 4ЊC. Total RNA was extracted from 140 l of the supernatant by using the QIAamp viral RNA Mini kit (QIAGEN, Valencia, CA). RNA was then eluted in 60 l of nuclease-free water (Ambion, Austin, TX). Reverse transcription-polymerase chain reaction (RT-PCR) was used to detect viral RNA in the samples. Mosquito pools were Þrst tested using universal ßa-vivirus primers targeting a portion of the NS5 gene (forward MAMD, 5Ј-AACATGATGGGRAARAGR-GARAA-3Ј; and reverse cFD2, 5Ј-GTGTCCCAGC-CGGCGGTGTCATCAGC-3Ј) (Scaramozzino et al. 2001) . Pools testing positive for ßavivirus RNA were then tested for WNV by using primers developed and recommended by the CDC for use in WNV surveillance (forward WN212, 5Ј-TTGTGTTGGCTCTCTT-GGCGTTCTT-3Ј; and reverse WN619c, 5Ј-CAGC-CGACAGCACTGGACATTCATA-3Ј) (Gubler et al. 2000 , Lanciotti et al. 2000 . PCR products were visualized after electrophoresis on a 1% agarose gel stained (Gujral et al. 2007 ) for abundance of WNV-infected Cx. tarsalis females (weekly mean per trap night ϫ weekly proportion of WNV-infected females).
Statistical tests used are indicated in the text. All statistical analyses were carried out using the JMP 7.0.1 statistical package (SAS Institute, Cary, NC), and results were considered signiÞcant when P Ͻ 0.05.
Results

Seasonal Patterns of Mosquito Abundance Along Elevation Gradients in the Colorado Front Range
Area: 2006. Examination of seasonal abundance patterns for the WNV vector Cx. tarsalis along an elevation gradient extending from plains to montane habitats in the Colorado Front Range area from April to October 2006 showed that 1) peak abundance of females was greater Ͻ1,600 m compared with 1,601Ð 1,750 m or Ͼ1,750 m; 2) females were collected over a longer time period Ͻ1,600 m; and 3) peak abundance occurred earlier Ͻ1,600 m (Fig. 2) . Cx. tarsalis females were Þrst recorded during mid-April (on the Þrst sampling occasion of the year) for sites located Ͻ1,600 m and between 1,601 and 1,750 m; these mosquitoes probably represented overwintered females that emerged and sought blood meals during warm spring weather (Fig. 2) . The earliest collection of Cx. tarsalis females from sites Ͼ1,750 m occurred in early May.
Below 1,600 m, Cx. tarsalis females were collected on each sampling occasion from late May to late September, with a distinct peak in mid-July. In contrast, not a single Cx. tarsalis female was collected from late May to mid-July between 1,601 and 1,750 m or Ͼ1,750 m. At these higher elevations, peak abundances occurred in early August (1,601Ð1,750 m) or late August (Ͼ1,750 m). The period with consecutive collections of Cx. tarsalis females extended from late July to midSeptember for the sites between 1,601 and 1,750 m. As illustrated in Fig. 2 , Cx. tarsalis abundance increased rapidly when weekly mean air temperatures consistently exceeded 18.5Ð19.5ЊC, occurring in late May at elevations Ͻ1,600 m and in mid-July at higher elevations.
The seasonal abundance patterns for Ae. vexans were similar to Cx. tarsalis Ͻ1,600 m, with consistent collections of females from late May to late September and peak abundance occurring in mid-July (Fig. 3) . However, at higher elevations the patterns differed between the two species. Ae. vexans females peaked sharply in late May between 1,601 and 1,750 m and declined gradually in abundance thereafter, compared with Cx. tarsalis, which peaked later in the season at 1,601Ð1,750 m than Ͻ1,600 m. (Fig. 4) . This showed that abundance of Cx. tarsalis females peaked in early July and declined gradually thereafter. In contrast, Cx. pipiens females gradually increased in abundance over the sampling period to reach peak numbers in late August. (Table  2) . Sampling in the plains in 2007 included a different set of collection sites and yielded far greater numbers of Cx. tarsalis females and more intense WNV activity compared with 2006. Only two of the 18 sites examined in the plains in 2007 failed to produce infected Cx. tarsalis females. The proportion of plains sites producing infected Cx. tarsalis females ranged from 22% in late June to Ն67% in mid-July and mid-August.
Seasonal Patterns of WNV Infection in
Overall WNV infection rates for Cx. tarsalis females in the 18 plains sites in 2007 increased gradually from late June (MLE of 0.53 per 1,000 females) to reach a peak in mid-August (8.29 per 1,000 females) and then remained high through mid-September (4.49 Ð5.41 per 1,000 females) (Table 3 ; Fig. 5 ). Infection rates for individual collections by site and date, where Ն500 Cx. tarsalis females were examined, ranged from 0 to 8.90 per 1,000 females, with most collections that produced infected females falling in the infection rate range of one to three per 1,000 females (Table 3 ). Very high rates of WNV infection, Ͼ10 per 1,000 females, were associated with smaller sample sizes.
Fewer Cx. pipiens females were collected at most sites, and only Þve pools were infected with WNV. Infected pools were recorded 20 Ð22 June, 17Ð19 July, 15Ð17 August, 29 Ð31 August, and 12Ð14 September. The overall infection rate (MLE per 1,000 females) for the plains sites during JuneÐSeptember was 2.10.
Seasonal Patterns of Entomological Risk Measures in Relation to Occurrence of WNV Disease Cases:
2007. For the 2007 data, we explored potential relationships between the seasonal pattern of WNV disease cases in the targeted Þve-county area (Larimer, Weld, Morgan, Washington, and Logan) and the seasonal patterns for three entomological risk measures combined for the 18 plains sites located within these counties: 1) mean number of Cx. tarsalis females per trap night (Fig. 5) ; 2) WNV infection rate per 1,000 Cx. tarsalis females (Table 3 Fig. 5 . Abundance of Cx. tarsalis females peaked in early July and declined gradually thereafter, whereas the WNV infection rate in the females increased gradually to reach a peak in mid-August. This resulted in the vector index peaking in mid-July and mid-August. The vector index for all plains sites combined exceeded 0.50 from mid-July to mid-August, and at least one site recorded a vector index Ն0.50 from late June to mid-September and Ն1.00 from early July to late August.
Linear regression models where entomological risk measures were used to predict WNV disease in subsequent weeks, with time-lags ranging from 0 to 8 wk, showed that abundance of Cx. tarsalis females was strongly associated with weekly numbers of WNV disease cases 4 Ð7 wk later and that the vector index was strongly associated with weekly numbers of WNV disease cases 1Ð2 wk later ( 
Discussion
This study provided detailed descriptions of seasonal risk patterns for exposure to mosquitoes and WNV in a wide range of habitat types in Colorado, including prairie landscapes in the Great Plains and foothills and montane areas in the Rocky Mountains. Key Þndings included that 1) the seasonal activity period is shortened and peak numbers occur later in the summer for Cx. tarsalis females in foothills-montane areas Ͼ1,600 m compared with plains areas Ͻ1,600 m along ColoradoÕs Front Range; 2) seasonal patterns of abundance for Cx. tarsalis and Cx. pipiens females in the northeastern Colorado plains in 2007 differed in that Cx. tarsalis reached peak abundance in early July, whereas the peak for Cx. pipiens did not occur until late August; 3) WNV-infected Cx. tarsalis females were recorded from nearly all sites sampled in the plains in 2007 with infection rates commonly exceeding one infected female per 1,000 examined; 4) the vector index for abundance of WNV-infected Cx. tarsalis females exceeded 0.50 for the plains sites combined from mid-July to mid-August, with values for at least one individual site exceeding 1.00 from early July to late August; and 5) abundance of Cx. tarsalis females and the vector index for abundance of infected females were strongly associated with weekly numbers of WNV disease cases with onset 4 Ð7 wk later (female abundance) or 1Ð2 wk later (vector index). An important limitation of this study is that we were not able to sample all sites during both years. Some of the key Þndings outlined above, especially the associations between entomological risk measures and human disease cases, need to be corroborated not only in other parts of the western United States but also in future studies in Colorado that span multiple years and can account for between-year variability in weather conditions, mosquito population dynamics, and WNV transmission intensity. Another issue that needs to be addressed in future studies is to clarify the relative roles of Cx. tarsalis versus Cx. pipiens as bridge vectors of WNV to humans in eastern Colorado. Our Þndings suggest that Cx. tarsalis should be considered a primary vector of WNV to humans in eastern Colorado, but further work is needed to deÞne the local circumstances under which Cx. pipiens also may play an important role in this respect.
Seasonal Patterns of Mosquito Abundance Along Elevation Gradients in the Colorado Front Range. To our knowledge, this is the Þrst study from North America exploiting a natural elevation/climate gradient to determine how seasonal patterns of abundance of adult nuisance-biting or vector mosquitoes change with elevation at the cool edge of the range of the mosquitoes. For the WNV vector Cx. tarsalis, we found dramatic changes in seasonal abundance patterns Ͼ1,600 m. Above this elevation threshold, the seasonal activity period for Cx. tarsalis females was shortened (Fig. 2) , peak numbers were lower and occurred later in the summer (Fig. 2) , and WNV was not detected from the females (Tables 2 and 3) . We speculate that these differences were due to 1) temperature conditions at elevations Ͼ1,600 m in the Front Range that limited population growth of Cx. tarsalis by slowing larval developmental rates and gonotrophic cycles, and 2) a reduction in the number, size, and persistence of larval habitats due to land use changes such as a lack of irrigation and other human-managed water inputs. This also may keep the overall abundance of Culex vectors below a critical threshold for enzootic WNV transmission to occur. These speculations provoke interesting questions regarding how climate warming in coming decades, should it occur, may impact risk of exposure to Culex vectors and WNV in mountainous areas of the western United States where current climate conditions are marginally suitable for Culex vectors and viral replication, but where nearby lower elevation areas have active WNV transmission foci.
Variability in the seasonal abundance pattern for Ae. vexans along the same elevation gradient was less dramatic. The seasonal pattern observed Ͻ1,600 m, with increased abundance from late June to early August, was expected from previous studies conducted in Great Plains landscapes in eastern Colorado and Nebraska (Janousek and Kramer 1999, Bolling et al. 2007 ). In foothills-montane areas Ͼ1,600 m, Ae. vexans exhibited a similar rate of increase as seen in the lower elevation sites from late May to early June. Abundance then stabilized brießy before starting to decline in late June, which differed from the lower elevation sites where abundance continued to increase sharply until mid-July. This resulted in a distinct seasonal pattern Ͼ1,600 m characterized by a short period of increasing abundance in late May, a brief peak during the Þrst 2 wk of June, and a slow decline thereafter. We speculate that the seasonal pattern Ͼ1,600 m results from a combination of 1) limited access to larval development sites in dry foothills-montane canyon landscapes beyond the initial spring river ßooding event and 2) cooler temperatures negatively impacting larval development rates and female gonotrophic cycles.
Seasonal Patterns of Culex Abundance in the Northeastern Colorado Plains. Seasonal patterns of abundance of Cx. tarsalis and Cx. pipiens have been described previously from many parts of the western United States. The single peak seasonal pattern for abundance of Cx. tarsalis females observed in this study in 2006 Ð2007, with elevated abundances occurring from late June to mid-August, agrees with previous studies from Colorado (Tsai et al. 1988 , Smith et al. 1993 , Bolling et al. 2007 , Nebraska (Janousek and Kramer 1999) , North Dakota (Bell et al. 2005) , Utah (Beadle 1959) , Washington (Pecoraro et al. 2007) , and northern California (Reisen et al. 1995a) . A different seasonal pattern with an earlier spring peak and a second distinct peak in the fall can occur in warmer areas such as southeastern California (Reisen et al. 1995b (Reisen et al. , 2008a . Furthermore, an intermediate pattern, with a peak for Cx. tarsalis females in July and a smaller but distinct second peak in September, was reported from the Davis area in central California (Nielsen et al. 2008) .
The seasonal pattern observed by us for Cx. pipiens females in 2007, with gradually increasing abundance reaching a peak in late August, agrees with a previous study using light traps in western Colorado (Tsai et al. 1988) . Other studies have reported earlier peaks for Cx. pipiens females in late June and July in Washington (Pecoraro et al. 2007 ) and the Central Valley of California (Nielsen et al. 2008) . We also recognize that the data for Cx. pipiens in our study should be interpreted with care because use of CDC light traps can underestimate the abundance of this species compared with efforts that also include gravid traps (Tsai et al. 1988) .
With the exception of California (Kliewer et al. 1969; Olson et al. 1979; Reisen et al. 1992 Reisen et al. , 2008b Wegbreit and Reisen 2000) , there is a lack of long-term studies from the western United States to determine the extent of between-year variability in seasonal abundance patterns for Culex vectors, especially in relation to weather patterns. This is unfortunate because such studies are critical for developing models to forecast Culex vector abundance based on weather patterns. For example, Reisen and colleagues used long-term (1950 Ð2000) data for Cx. tarsalis from mosquito control programs in California to determine impacts of climate variation on mosquito abundance and found strong correlations between spring abundance of Cx. tarsalis and winterÐspring precipitation, winter snow pack and winterÐspring temperature (Reisen et al. 2008b) . Similar studies are needed from the Great Plains WNV disease focus.
Seasonal Patterns for WNV Infection Rates and Vector Index for Cx. tarsalis. The overall seasonal pattern for WNV infection rates in Cx. tarsalis females in the northeastern Colorado plains in 2007 was characterized by a gradual increase in infection rates from late June to late July, peak values occurring during the Þrst half of August, and infection rates remaining high until the study was concluded in mid-September (Table 3). A similar monthly pattern was recorded from June to August for WNV infection rates in Cx. tarsalis females in other parts of Weld County in 2007 (Kent et al. 2009 ). Other studies have produced similar seasonal patterns for infection of Cx. tarsalis with WNV in California, New Mexico, and North Dakota (Bell et al. 2005; DiMenna et al. 2006; Nielsen et al. 2008; Reisen et al. 2008a Reisen et al. , 2009 ) and with western equine or St. Louis encephalitis viruses in Colorado (Hess and Hayes 1967 , Tsai et al. 1988 , Smith et al. 1993 ). We also found considerable variation among trap sites in seasonal patterns for WNV infection rates (Table 3) , which underscores the importance of operating multiple trap stations for mosquito-based WNV surveillance. Additional studies are needed to determine optimal combinations of trap densities and trap loca-tions for mosquito-based WNV surveillance in the Great Plains landscape to minimize operational cost without compromising data quality.
The general pattern for WNV infection rates in Cx. tarsalis observed in our study probably reßects the seasonal pattern of intensity of enzootic transmission of WNV, which can be expected to increase over the summer as Culex vectors become more abundant and new generations of WNV-susceptible birds emerge. Furthermore, a temporal shift in feeding behavior of Cx. tarsalis toward increased feeding on mammals from spring to summer has been observed in California and northeastern Colorado (Tempelis et al. 1965 (Tempelis et al. , 1967 . This phenomenon has been hypothesized to impact seasonal risk of human exposure to Cx. tarsalis and other Culex species (Edman and Taylor 1968, Kilpatrick et al. 2006 ). However, a recent study from Weld County showed that the percentage of Cx. tarsalis that fed on humans increased from June to JulyÐ August but remained Ͻ7% for all months examined (Kent et al. 2009 ). During each month, Ͼ75% of Cx. tarsalis bloodmeals came from birds. The epidemiological importance of temporal shifts in feeding behavior remains unclear. We caution against attempting to adjust risk indices for human exposure to WNV-infected Cx. tarsalis based on perceived seasonal changes in feeding behaviors until we have gained a better understanding of the underlying mechanisms. For example, increased feeding on humans in summer may simply reßect changes in human behavior rather than changes in mosquito feeding habits.
The vector index for abundance of WNV-infected vectors, which was developed by the CDC, is in operational use in mosquito control programs in some parts of the western United States, including Colorado but has not received much attention in the published literature. In fact, we are only aware of two previously published studies presenting data on the vector index, or variations of the vector index, for Cx. tarsalis (Bell et al. 2005 , Gujral et al. 2007 . Our study, which uses a vector index for Cx. tarsalis females to assess risk of exposure to WNV-infected females, clearly demonstrates the value of combining information for vector abundance and WNV infection rates to generate a more meaningful risk index. In Fig. 5 , we illustrate how the seasonal pattern for the vector index differs from that of mosquito abundance alone or WNV infection rate alone. In fact, we Þnd it surprising that this type of risk index has taken so long to permeate the WNV literature. Similar risk indices that combine vector abundance and vector infection rate are used extensively to assess risk for exposure to tick-borne pathogens such as Borrelia burgdorferi (Mather et al. 1996 , Stafford et al. 1998 , Eisen et al. 2004 ) and also were used previously as measures of risk for exposure to Cx. tarsalis infected with western equine or St. Louis encephalitis viruses (Reeves et al. 1962 , Hess and Hayes 1967 , Tsai et al. 1988 .
Predicting Seasonal Patterns for WNV Disease Cases from Entomological Risk Measures. Our study demonstrates that the number of weekly human cases of WNV disease within the targeted Þve-county area in 2007 could be predicted by the abundance of Cx. tarsalis females (4 Ð7 wk previously) and by the vector index for WNV-infected Cx. tarsalis females (1Ð2 wk previously) (Table 4 ; Figs. 6 Ð7). Interestingly, a previous study on western equine encephalitis virus (family Togaviridae, genus Alphavirus, WEEV) in eastern Colorado in 1965 showed a similar pattern where the weekly numbers of human WEE cases were predicted by abundance of Cx. tarsalis females with a 4-wk timelag and by abundance of WEEV-infected Cx. tarsalis per trap night with a 2-wk time lag (Hess and Hayes 1967) . A recent large-scale study of WEEV transmission to sentinel chickens in central and southeastern California also identiÞed 4 Ð 6 wk as the critical timelag between Cx. tarsalis abundance and sentinel chicken seroconversions (Barker 2008) .
Our data for time-lags between entomological risk measures and human WNV disease cases provide critical information for operational surveillance programs to determine time-lags for which these entomological risk measures are meaningful and how they should be used to guide emergency vector control activities. One distinct drawback of using the vector index is the short lead time of 1Ð2 wk for reliable prediction of human case loads. This underscores the critical need for rapid turnaround of WNV testing of mosquito pools in order for the vector index to be operationally useful. The longer lead time for abundance of Cx. tarsalis females (4 wk) to predict human case loads for WNV disease argues for use of this entomological risk measure. However, the robustness of the predictive capability of this risk measure needs to be evaluated prospectively and corroborated in other areas and over multiple years because the longer time-lag, relative to the vector index, may result in greater sensitivity to weather events such as cold spells that can affect vector population growth and intensity of enzootic WNV transmission. Advances in statistical models for early detection or warning systems (e.g., Chaves and Pascual 2007) also provide new opportunities to explore how entomological data can be used to predict human cases.
